Previous studies showed that derivatives of pyrazinecarboxylic acid used as elicitors increased either flavonoid or flavonolignan production. The effect of 2-(3-bromobenzylsulfanyl) pyridine-4-carbothioamide on isoflavonoids production in Genista tinctoria culture in vitro was tested. The highest isoflavonoid content (0.3 mg.g -1 DW) in callus culture was found after elicitor application at a concentration of 2.96 x 10 -5 mol.L -1 after 24 h of treatment. The maximum daidzein production (0.2 mg.g Keywords: Callus, Elicitor, Genista, Isoflavonoids, Pyridinecarbothioamide, Suspension.
Plant cultures in vitro can be an alternative source of biologically active compounds [1] . However, plant cell cultures are genetically unstable and their production of secondary metabolites is low in comparison with native plants. One of the methods of increasing the yield of secondary metabolites is elicitation. The elicitor represents a stress factor. Due to chemical defensive reactions, the elicitor increases the activity of enzymes and these enzymatic systems catalyze the production of stress substances which are similar to the particular secondary metabolites [2] . Our previous studies showed that derivatives of pyrazinecarboxylic acid used as elicitors were able to increase either flavonoid or flavonolignan production [3] . These pyrazine derivatives were originally prepared as compounds with antimycobacterial and antifungal activity at the Department of Pharmaceutical Chemistry and Pharmaceutical Analysis, Faculty of Pharmacy in Hradec Králové.
Now we focus on pyridinecarbothioamide derivatives synthetized at the Department of Organic and Inorganic Chemistry within the anti-TB project. The set of 2-benzylsulfanylpyridine-4-carbothioamides [4] with various electron-accepting and electron-donating substituents was prepared and the compounds evaluated for their antimycobacterial, antifungal, and photosynthesis-inhibiting activity. The antimycobacterial activity tested against four mycobacterial strains showed that the activity is related to the benzylsulfanyl moiety, and other substituents in the phenyl ring do not affect the activity. The minimum inhibitory concentration (MIC) was within a range of µmol/L against all tested strains. However, the antifungal activity depends on the substituents on the benzylsulfanyl moiety. The substitution in the meta and para position with a halogen atom increases the antifungal activity. The 4-and 3-bromobenzylsulfanylpyridine-4-carbothioamides were the most active compounds, and against Absidia corymbifera reached the efficacy of ketoconazole that was used as a standard. The same conclusion was made for photosynthesis-inhibiting activity. The bromo derivatives show the best inhibition of photosynthetic electron transport in spinach chloroplasts. This effect on plant metabolism led us also to verify the elicitation effect on the production of secondary metabolites. In this study we focus on 3-bromobenzylsulfanylpyridine-4-carbothioamide ( Figure 1 ).
The Genista genus includes several hundred species of trees and shrubs which contain flavonoids, including several isoflavones with estrogenic activity. Plant estrogens can be used in menopause symptom treatment and in prevention of tumors related to the estrogenic balance within the body [5] . Previous research showed that callus cultures of Genista species synthesized isoflavonoids such as genistein and daidzein [6] but also new compounds of alpinumisoflavone derivatives [7] and isoliquiritigenin [8] .
The content of isoflavonoids in callus cultures of Genista tinctoria after elicitor treatment with three concentrations and at various times of sampling is presented in Table 1 . It can be deduced from this table that the highest content of isoflavonoids (0.3 mg.g -1 DW) in callus culture was found after elicitor treatment with a concentration of c 3 after 24 h of application. In other study chemical stress factors did not influence isoflavonoid biosynthesis [9] Control samples without elicitor treatment did not produce any isoflavonoids. Elicitor concentration c 2 had no effect on isoflavonoid production. After elicitor treatment, daidzein production was mainly increased, as shown in Table 2 . Daidzein level reached 0.2 mg.g -1 DW after elicitor application at the concentration of c 1 after 48 h, and in c 3 concentration after 24 h. The elicitor concentrations c 1 and c 3 also increased daidzein production after 6, 12, 24, 72, and 168 h and reached 0.1 mg.g -1 DW content. Genistin (0.1 mg.g -1 DW) was produced only when c 3 elicitor concentration was used and when sampled after 24 and 48 h. Other scientific paper described, that genistin concentration was not directly related with biomass production [9] . The previous study also showed that the accumulation of daidzein after treatment with different abiotic elicitors was higher [11] . Another study validated, that daidzein and genistein release into the culture medium due to manipulation with nutrient components [12] . Other isoflavonoids, such as genistein, formononetin and biochanin A, were not produced by callus culture of G. tinctoria after elicitor treatment. Table 3 shows the content of isoflavonoids in suspension culture of G. tinctoria after elicitor treatment with three concentrations and at various times of sampling, and Table 4 shows the content of individual isoflavonoids (mg.g -1 DW) in suspension culture after elicitor treatment.
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The control suspension culture produced only dadzein (0.1 mg.g -1 DW), and genistin, formononetin, genistein and biochanin A were not detected. The best elicitation effect on genistin production (0.3 mg.g -1 DW) in suspension culture was reached after 24 h application of c 2 concentration. Higher content of genistin (0.2 mg.g -1 DW) was found also after 6, 12, and 72 h treatment with c 2 elicitor concentration, and after 168 h application of the weakest elicitor concentration. Daidzein reached its maximum content (0.2 mg.g -1 DW) after 168 h with c 2 elicitor concentration.
Isoflavonoids such as formononetin, genistein, and biochanin A were not formed after elicitor treatment of G. tinctoria suspension culture.
Cultures in vitro can release secondary metabolites into the nutrient medium. For this reason the presence of individual isoflavonoids was tested in the nutrient medium of the suspension cultures. The results of this evaluation are shown in Tables 5 and 6 . Table 5 Effect of bromobenzylsulfanylpyridine carbothioamide on isoflavonoid production Natural Product Communications Vol. 8 (5) 2013 595 represents the total isoflavonoid content (mg.L -1 ) in the nutrient medium of G. tinctoria suspension after elicitor treatment and Table  6 . The maximum content of excreted daidzein (3.8 mg.L -1 ) in the nutrient medium was found also after 12 h of elicitor treatment in c 2 concentration. In previously reported research, the isoflavone group of the cultures was composed of 14 compounds with a clear domination of genistin [13] .
The effect of elicitor on the production of secondary metabolites in cultures in vitro depends on many factors. The type of elicitor, its concentration and the time of duration play an important role in the plant response to elicitor treatment. Our previous study was focused on the testing of pyrazinecarboxamide derivatives on production of flavonoids and flavonolignans in in vitro cultures of Silybum marianum, Genista tinctoria and Ononis arvensis [3, [14] [15] [16] [17] . These derivatives were able to increase the production of secondary metabolites. Similarly, various concentrations of the tested elicitor, 2-(3-bromobenzylsulfanyl) pyridine-4-carbothioamide, and the time of sampling increased the secondary production in callus and suspension cultures of G. tinctoria.
All results indicate that the tested compound 2-(3-bromobenzylsulfanyl) pyridine-4-carbothioamide is an effective elicitor of daidzein and genistin production in Genista tinctoria callus and suspension cultures. Elicitation strengthens the transcription of genes, and the genes code enzymes which are necessary for synthesis of secondary metabolites [18] . It also has to be noted that many isoflavones found in plant tissues, including their glucoside and ester derivatives, have not been successfully synthesized chemically [5] .
These newly synthesized chemical compounds were proven to be a promising elicitor for the production of secondary metabolites in plant cultures in vitro.
Experimental

General:
The content of isoflavonoids in G. tinctoria callus and suspension cultures was determined by HPLC on a UNICAM CRYSTAL 200 Liquid Chromatograph, using a LiChrospher RP-18 (250 mm x 4 mm) column. th day of cultivation to the suspension culture. 6; 12; 24; 48; 72 and 168 h after elicitor application, the callus and cells from suspension cultures were sampled, dried and the content of isoflavonoids determined. Simultaneously, the controls (without elicitor treatment) were run for 24 and 168 h. The suspension cells were dissociated from the liquid nutrient medium by filtration through Whatman filter paper (No. 1-6) under vacuum, dried and the content of isoflavonoids was determined. All treatments were made in triplicate; each data point reported is the mean of 3 replicate measurements.
Analysis of isoflavonoids:
The content of isoflavonoids in G. tinctoria callus and suspension cultures was determined by HPLC on a UNICAM CRYSTAL 200 Liquid Chromatograph, using a LiChrospher RP-18 (250 mm x 4 mm) column.
Suspension culture cells (0.100 g, dry wt) and callus cells were extracted twice (in a water bath under reflux cooler) with 10 mL of 80 %, v/v, methanol for 30 min. The extract was filtered via a Teflon filter (diameter 22 μm) and 2 mL of this filtrate was analyzed by a HPLC method. HPLC conditions were developed in our laboratory as follows. The mobile phase consisted of a methanolic solution of 0.15% phosphoric acid p.a. (w/v). Isoflavonoids were eluted with a linear gradient from 30% methanol to 80% methanol in 9 min, following by isocratic elution with 80% methanol for 15 min. The flow rate was 1.1 mL/min. Substances were detected by absorption at 260 nm and their identification was carried out by comparison of retention times and absorption spectra with standards. Genistin, daidzein, genistein, formononetin and biochanin A, were used as standards (Figure 2 ).
Statistical analysis:
The T-test was applied to determine differences between values of samples. Values of p≤0.05 were considered as significantly different. The differences between means were determined using Tukey´s multiple comparison test.
